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FLAIir Asm 7BISE AILEHOITS 017 AIST VAOA 23012 AIBTpIL 
■ By T. M. Bogallo and Paul E. Purser 

SUHMAHT 



An InTeatlgatlon of aeveral modifications of 20- 
pereent-cliord plain and 7rlse ailerons on an NACA 23012 
airfoil was made In the ITAGA 7- "by 10-foot wind tunnel. 
The static rolling, yawing, and hinge moments were deter- 
mined and are herein presented for several angles of attack. 
The conditions under whloh aileron oscillation occurred 
were also determined. 

The tests Indicated that the oscillation of the Trlse 
aileron was the result of an ahrupt "breakaway of the flow 
at the lower surface of the aileron nose when the aileron 
was deflected to some angle 'ootween -10° and -20°, the 
particular angle varying with the shape of the aileron 
and with the angle of attack of the airfoil. The flow 
breakaway was accompanied hy a rapid Increase In the hinge 
moment and^ In general, "by a decrease In the rolling mo- 
ment. The tendency to oscillato was reduced or eliminated 
whon a hulgo or a no so slat was added to the lower surface 
of the alloron. The noso slat, moroovor, Incroasod the 
effective deflection range of the alloron. 

The aileron-control characteristics were computed for. 
a pursuit airplane with several of the aileron arrange- 
ments and with -three assumed aileron linkages. The re- 
sults presented Illustrate the effects of variation of ai- 
leron floating tendency and of differential linkage and 
support the contention that proper adjustment of floating 
tendency hy means of tahs, bulges, springs, or other de- 
vices, together with a suitable choice of dlf fb rentlal 
linkage, offers a promising means of Improving the control- 
force characteristics. 



Internally balanced sealed ailerons with larger 
amounts of balance than the ailerons tested a.±o considered 
promising. 
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Ilie ITACA has undertaken an extensive Investigation of 
lateral»control devices for the purpose of developing now 
devices and of supplying uoro design data on devices pro- 
viously developed. 

A large amount of data has "been pu'bllshod "by the NACA 
on various arrangements of plain alleronst hut comparative- 
ly little has heen puhllshed on Frlse ailerons (references 
1, 2, and 3). The greater part of the data avallahle on 
Trlse ailerons can he found In the Reports and Memoranda 
of the British Aeronautical Sesearch Committee (references 
4 to 9). 

The Investigation of this report was made primarily 
in an attempt to determine hy means of wind-tunnel tests 
what modlf icatlona would ho necoasary to prevent the vio- 
lent oscillations inherent in the Frise ailerons of a re- 
cently developed fighter r.irplane. The Frise ailerons 
tested were therefore designed to simulate t^he ailerons of 
a particular airplane. 9?hey are not representative of all 
Frise ailerons hecausei as stated in reference 3 and veri- 
fied in the present investigation, the shape of Frise ai- 
lerons greatly affects their characteristics. Ihe modifi- 
cations made to the aileron during the investigation were. 
In general, modlf leat ions that could easily he made on 
the existing airplane. Tests o£ a plain sealed aileron 
without halance were included for comparison. 



AFFAHAIUS AlSm UETEODS 



Tests were made in the NACA ?- hy 10-foot closed- 
throat wind tunnel (reference 10) at an air speed of ahout 
40 milos per hour, corresponding to a test Eeynolds num- 
her of approximately 1,440,000. Somo of tho tests wero 
repeated at an air speed of ahout 80 mllos per hour, cor- 
responding to a test Reynolds nunher of approxinatoly 
2,880,000. The test sot-up is shown schomatically In fig- 
ure 1. The various 0.20c ailerons (fig. 2) wero Installed 
on the outhoard 0.37 h/2 of tho 4- hy 8-foot NACA 23012 
airfoil. 

The airfoil was suspendod horizontally in the wind 
tunnel with tho inhoard end attached to tho tunnel wall to 
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slmulato the somlBpan of a 16-foQt wing. Tho attaohmo^nt 
at th.0 vail roatr-alnod tho airfoil In pitch hut not In 
roll or yaw. Sho foroos nooossary to restrain tho out- - 
hoard ond of tho airfoil voro noasured "by tho regular hal— 
anoo systom. ^Tdo rolling Qoments wore oomputod fr.om tho 
dlfforonoo in tho vortloal reactions at tho outhoard end 
with tho aileron neutral and In tho roactlona with tho a.i- 
loron dofloctod; . tho yawing aomonta wore similarly' com- 
puted from the horizontal reaQtlons. The lift -coeffi- 
cients of the airfoil In the tunnel were computed. from 
the vertical outhoard reaction with the aileron held at 
neutral and uJider the assumption that the lateral . center 
of pressure of the semi span was 0.45 h/3 from the plane of 
symmetry. 

The aileron was manually operated hy a crank outside. 
the tunnel near tho Inhoard end of the wing, and the hinge 
momonts were computed from tho twist of a callhrntod torque 
rod connoctlng tho crank nnd tho alloron. All tho ailer- 
ons wore approxlnatoly halancod statically and a relative- 
ly llnher torque rod was usod In order that any tendency 
of tho ailerons to oscillate might ho easily notlcod. Bo*« 
causQ tho capacity of tho torquo rod was "nocoGsarlly limit- 
ed. It was Imposslhlo to ohtaln all of the hinge moments 
In tests that woro made at 80 mllos por hour. When tho 
hlngo momonts hooano too largo for tho capacity of tho 
torque rod, tho rolling and the yawing moments were deter- 
mined with the aileron locked at the various deflections 
hy means of a small clamp at the allex^on. 



BESULIS A.TSSD DISCUSSION 
Coefficients 



The results of the tests are presented In figures 3 
to 10 as curves of rolling-, yawing-, and hinge-moment co- 
efficients plotted against aileron deflection at several 
angles of attack for each alloron. The deflections at 
which the various allorons hegan to oscillate are notqd hy 
arrows on the appropriate hlnge-monont ooeffloloht ourvos. 

The symhols usod In presenting tho results arex 

Ol lift coefficient (L/qS) 

C,'. rolling-moment coefficient (L'/qhS) 
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Ojj' yawlng-nonont coefficient (ST'/qtS) 

0^ aileron hinge-nonent coeffj^clent (Ha,/oLSaCa) 

c vlng chord. 

Cg^ aileron chord neasurecl along airfoil chord line frou 
hinge axle of aileron to trailing edge of airfoil 

1) twice span of eenlspan nodel 

S twice area of Benlspan :aodel 

aileron area "behind hinge line 
L twice lift on senlspan nodel 
L' rolling uoment abo-c^t vincl axis 
IT' yawing noiient al^oiit wind azle 

aileron hinge noueiit aliout hinge azie 

q dynamic proa sure of air stroaa (i- p 7®) 

a angle of attack of airfoil In tunnel 

alloron deflection, positive when trailing edge is 
down 

8g nose slat deflection, positive v:hen trailing edge is 
down 

G| rate of change of r olling-uonent coefficient C^' 
P with helix angle pli/ST 

Fg Btlok force 

■Gg stick angle 

K differential-crank length 

A positive value of L' or C^' corresponds to a de>« 
crease in lift on the nodel, and a positive value of IT' 
or Cj]^' corroBponils to an increase in drag on the Liodel. 
Twice the actual lift, area, and span of the nodel were 
used in the reduction of tho results 'because the nodel 
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roprosonted half of a conploto wing, ae has toon provlously 
stated. So corroctlons havo "been Hado to the data for the 
effept ^of. the. tunnel vails.. Although such, corrections nay 
138 relatively large for this set-up , the data on the vari- 
ous nodlf Icatlons are conparahle. 



Vlnd-Iunnel Data 

Plain sealed aileron without "balance ." The aerodynanltj 
characterlatloB of the plain sealed aileron without halanod 
are shown In figure 3. This aileron had fairly large 
hinge— nonent-curve slopes C^^lh/^^a^ upfloatlng 
tendency that Increased with angle of attack. "So oscllla'* 
tlon of tho aileron was noticed during the tests. 

Plain aileron with 0.336c^ "balance .- The aerodynanlc 
charact orl st 1 cs of the plain aileron \rith a. 0»326Cq syn- 
netrlcal nose "balance, soaled, unsealed, and with two ar— 
rangonents of covor plates, nro shown in figure 4. Tho 
characteristics of tho unsealed aileron with only tho top 
oovor plate in plaoo (fig. 4(a)) woro very little dlffer- 
ont iron those of tho plain -soalod ailoron without "balance 
except for tho oxpectod roduotion In Iiingo-noaont-curvo 
slope. The sano ailoron with e. 6iioot-ru'b"ber soal (fig, 
4("b)) was noro effective "but had a"bout tho sane hlnge- 
nonent characteristics as the unsealed aileron, pro"ba'bly 
"because tho seal was attached slightly "behind the aileron 
nose. 

The addition of the "botton cover plate to the airfoil 
with the "balanced sealed aileron (fig. 4(c)) had conpara- 
tlvely little effect on the hlnge-nonent coefficients hut 
produced an unexplained decrease in the effectiveness of 
the aileron. The only oscillation noticed in the tests of 
the plain "balanced aileron was a slight oscillation at 8° 
angle of attack at an aileron deflection of -27.5^. (See 
fig. 4(a).) Ailerons of this type "but with larger anounta 
of "balance are considered pronising, and a systeuatic In- 
vestigation of their characteristics is reoonuended. 

IPrlso aileron with 0.326ca. "balr.nce ,- The aerodynanlc 
charact orietlcs of tho Jriso ailoron with 0.326ea "balance 
are shown In figure 5* The unsoalod Prise ailoron (fig, 
5(a)) was loss effective at a low anglo of attack and 
slightly noro offoctlvo at a high angle of attack than the 
unsealod plain ailoron (fig, 4(a)). The Prlso ailoron had 
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an upfloatlng tendency and a vory snail hlngo-nonont-c-arvo 
elopo at low dofloctlons, "but a.t hlgli dofloctlons (10 and 
-20'°) tho dlfforcncos In hlngo-nonont coofflelonts woro as 
largo as thoso of tho plain allorons. Tho anall hlngo- 
nonont-curvo slopes at low dofloctlons nay "bo a contribut- 
ing factor to control-froo latoral instalilllty . 

Oonparlson of tlio results of flguros 5(fl,) and Si'b) 
shows tho scale effect on the characteristics of the Prise 
aileron. She Increased speed increased the ef f ectlTeness 
of the aileron at all angles of attack. 

She addition of a sheet-ruhher seal at the nose of the 
Prise aileron (fig, 5(o)) increased the rolling-iaoBeat ef- 
fectiveness of the aileron. The location of the seal (at 
aileron nose instead of on upper surface near slot lip) 
decreased the of f ectivenoss of the halanco, prohably he-* 
cause the seal prevsnted the prossuros on the wing lower 
surface and aZioad of tho aileron fron acting on top of tho 
aileron nose. Tho seal also changed the upfloatlng tend- 
ency to a downfloatlng tendency. It is thought that a 
seal near the upper surface of tho airfoil would increase 
the rolling moucnt without reducing tho effoctivo halanco* 

The addition of a trailing-edge tah, deflected -15°, 
to tho Prise aileron with O.SSDCg, balance (fig. 5(d)) had 
sosiewhat the same effect on the characteristics of the Ai- 
leron as did the addition of the seal, partly because of 
the increased size of the aileron. This increase in size 
was not considered in the computation of the hinge-nouent 
coef f Iclont B . The aileron with tho tab, however, was not 
g.uite so effectlvs as the aileron with tho seal. 

ITeither the incroase in speed nor the addition of tho 
seal or tab had riuch effect on tho oscillatory tendencios 
of the Prise alloron with 0.336cq balance. This aileron 
OBcillatod rathor violently at dofloctlons ranging fron 
-16° to -25°, depending on tho angle of attack. It is ap- 
parent from these data and from unpublished ro suits of 
flight tests of two different installations of Prise al- 
lorons that the presence of oscillation, and the aileron 
deflection at which it occurs, is dopendont on the partic- 
ular Installation (shape, surface finish, rigidity of tho 
system, etc.). In sone installations. Prise ailerons de- 
flected upward noarly 30° have shown no apparent tendency 
to OBClllato. It is not generally considered advlsablo, 
however, to permit such largo dofloctlons for this type of 
aileron. 
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A study of tho data and an obBorvatlon of tufts lo*- 
oatod on tho lover aurfaco of tho aileron made It apparent 
that tho oBOlllatlon of tho alloron was not what la gonor- 
ally callod aileron fluttor. Vlth the airfoil at an angle 
of attack of Q° tho aileron vaa doflectod to >-17° hoforo 
the flov hogan to "break ava? from tho alloron lower sur- 
face; "belov this angle (-17 } the hinge moaents were small. 
At deflections of **1?° to -S0° the hinge moment Increased 
rapidly and at -20° the flow had completely "broken 'away 
from the lover surface of the aileron. The elasticity of 
the torque rod allowed the large hinge moment occurring at 

8. = —20° to return the aileron to a deflection of -16° 
a 

vhere the flov became emooth and the hinge moment "became 
small; here the spring effect of the torque rod again de- 
flected, tho aileron to —20° and once again the flov "broke 
away and the largo hinge moment decmased the aileron de- 
flection. This process contlnuod until tho aileron vas 
movod to a different anglo "by the crank. Both portions of 
tho hinge— nomoii1;--coofflclent curve had sta'ble elopes and. 
since the tufts showed that the Isreak lu the curve was a 
stalling phenomenon, the actual variation of the hinge- 
moment coefficient during the oscillation Is pro'ba'bly that 
indicated hy the arrows in figure 6, 

The Frlse aileron vlth 0.3S6ca "balance was then 
equipped with a 0.01c lower-surface "bulge (fifi. 7) to pre- 
vent flov/ separation at the aileron nose "by increasing 
the radius of curvature. The srme purpose could pro"ba'bly 
have "boon accomplished "by cutting away part of the origi- 
nal aileron nose. The "bulge slightly increased tho rolling- 
moment effectiveness of the aileron and decreased the hlnge- 
monent-curve slope at high deflections "but produced an un- 
sba"ble hlnge-monent-curvo slope in part of tho negative 
deflection range. The "bulge also caused the upfloating 
tendency of the aileron to change to a downfloatlng tend- 
ency at low angles of attack. This change in floating 
tendoncy will tend to increase the stick forces when a con- 
ventional differential system Is used and could pro"ba"bly 
"be counteracted "by an additional "bulge on the upper surface 
of the aileron near the trailing edge or "by a forward move- 
ment of the point of maximum thloknosa of tho lover sur- 
face "bulge. 

"So oscillatory tendonclos vore noticed in the teata of 
the aileron vlth the "bulge. 

Jrlse aileron vlth 0.278ca "balance .- The aerodynamic 
characteristics of the 7rise aileron vlth 0.278co "balance 
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are ohown In figure 8. !Dh.lB aileron (fig. 8(a)) had a 
greater hlnge—nonent-eurve slope than the Trlso aileron 
vlth 0,326Cg^ 'balance, as was expected. The change In the 
anount of "balance had little effect on the oscillatory 
tendencies of the aileron. 

The addition of the 0.01c lower-surface hulgo (fig. 
8('b)) had approxlnately the sand effect on the Vrlso ai- 
leron vlth 0.278Cg^ 'balance as It had on tho Trlse aileron 

with the larger "balance. The liulge gave the aileron a 
downfloatlng tendency, docreasod the hlngo-nouont-cur^e 
slopct and apparently ollnlnated the oscillatory tendoncles 
of the aileron. Tho addition of a shoot-ruhhor soal at the 
noso of tho aileron vlth tho "bulgo (fig. 8(c)) slightly In- 
croasod the rolllng-aonont of f octlvonoas of the ailoron 
hut p.ltored the hlngo~::ionont charactorlstlcs surprisingly 
llttlo rolatlTe to the largo effect shown In flguro 5. 
Tho soal did not chango tho oscillatory tondonclos of tho 
ailoron, 

Prlae aileron with 0. 293cg^ Taal .ineo.- Two testa (fig. 
9) were nade of a Zriso aileron with a 0.298cjj "balance of 
a square, unconventional shape. Tho upper surface of the 
nose renalned within the wing contour at deflections up to 
»20°« It was thought that this laodlf Icatlon night decrease 
the oscillatory tendencies of the aileron. Instead, the 
aileron was less effective , had larger hlnge-nonent coeffl- 
oionts than the ailoron with the 0.278cji "balance, and 
still OBclllatod at 5„ = -13,5°. (See fig. 9.) 

Frlso aileron with 0.27dc- "balance and a noso slat.— 

Tho aerodynanic characteristics of the ^riae aileron with 
0.278cg_ balance and a noso slat (ITACA 22 section) are 
shown in flguro 10. The nose slat set at 17° (fig. 10(a)) 
Increased tho rolllng-no:iont ef foctlvonoas and "balance and 
reduced the oscillatory tendencies of the aileron. In- 
creasing the slat angle to 28° (fig. lO('b)) nade the ai- 
leron alnost as effective as the plain scaled aileron with- 
out halance* reduced the hinge-uonent coefficients at high 
deflections^ and inprovod the oscillatory tendoncles still 
nore. Adding a sheet-ru'b'ber soal at tho noae of tho ai- 
leron with tho slat at 33° (fig. 10(c)) had little effect 
on tho charactorlatlcs of tho aileron except to incroaso 
the rolllng-nonont of f ectlvone ss slightly at uoderatc do- 
f loctl one . 

It should ho not ad that the slat span was only 0.31 h/2 
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while the ailorph span was 0.37 1}/2'; a slat tho full 
■length of the ailoron would :pro'ba"bly "be. noro offootlvo, 
iA.lsOj^^ B.lnco only two- slat arrangdaohts wore tested. It Is 
prolsahie that X^'lt'&ef the* d'eflectlofiL' Sdjr'' the' position of 
the slat was the optlnun, . These te^ta^ Indl'catedf however, 
that slate aay he very useful on cdntrol surfaces. 

Application of .Data 

The aileron-control characteristlcB of a pursuit air- 
plane (fig. 11) equipped with several aileron arrangenents 
with an equal up-and-down linkage (+15°) and a differential 
linkage of the sane' total deflection (fig. IS) have heon 
computed and are prosontad in figures 15 p.nd 14..' 7or sin- 
pllcity, these lateral— control characterl s-t ics wero Con- 
putcd fron tho data in fiGuras 3., 4(^)1 5(a), 5(c), 8(a), 
8('b), 10(h), and 10(c) (the uncorrected aorodynanic char- 
acteristics of tho ailerons) xvithout taking account of the 
difforonco in v.'lne plan forn, Tho offocts of rolling, 
noroovor, have not hecn ponsldorod; those offocts will ho 
discussed later. 3oc7'.U8a tho asstiuptions nr.d tho nothods 
of conputation follov;od horoln aro tho sauo as those in 
roforencos 11, 12, r.nd 13, tho conputed charactoristics of 
tho nevoral reports are thought to he couparahle. The 
lift coefficient of the airplane at any particular angle 
oC .".ttack was assuncd to he that of the airfoil in the 
wind tunnel, tills coefficient hoing conputcu as previously 
dsscrihed undor Apparatus rnd Ilothods. 

As was oxpoctod, the data. in figuros 13 and 14 show 
that tho 7riso ailerons, in general, had 8=iallor stick 
forces than plain ailerons of the sace size for a given 
value of rolling-iUohent coefficient, Tho plain ailerons, 
however, were nore effective thp.n the Trise ailerons at 
the sane deflections. The adverse (negative) yawiug- 
nonont ' ooef f iclente of tho two typos of aileron were ahout 
■the sano except n'ear full ailoron deflection, whore the 
Trise ailorons'had hettor yawing-nonont charactoristics 
hut also had high stick forces. .. ' 

Vith a^ ooual up-and-down deflection the O.lSc plain 
■sealed ailoron with 0,35Cj^ halanco of roforenco 11 had ap- 
proxinatoly- tho- sano of f octivono ss and yawing-uonont char- 
actoristics. as tho O.SOc Frise unsoalod ailoron with ' . 
0,326Cq^ halanco and had only slightly larger stick forces. 
Tho plain aileron also has in its favor tho fact that tho 
anount of aorodynanic halanco could prohahly ho increased 
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onough. to glTO It lovor stick foroos than thoso of tho 
I'rlse aileron at full, deflection without overlialanclng In 
tho lov-deflectlon range. The fact that the aileron vould 
not Le oTer'balanced In the low-deflection range would re- 
duce the possihlllty of the occurrence df control-free 
lateral Inatablllty. She 0.15c plain aileron, noreover, 
should not tend to oscillate. 

At low speeds the conventional differential systan 
gave lower stick forces than the equal-dof lection systen. 
At high speeds, howevor, oxcopt at snail dofloctlons, the 
two systons gave ahout eoual stick forcos. (See figs. 13 
and 14.) 

Curing the analysis of tho data it 1)00300 apparent 
that tho use of a roTorsod dlfforontlal (down ailoron do~ 
fleeted nore than up ailoron) night ho adventagoous when 
the aileron had a downfloating tendency. This posslhillty 
nay ho inferred fron the analysis of alloron-llnkago sys- 
tons presented In roforonce 14. She dlfforontlal shown in 
figure 12 was rovorsod and applied to ?. Prlso aileron with 
and without a soal (fig. 15). Ihc use of tho rovorsod 
differential slightly incroasod tho adverse (negative) 
yawlng-nonent coefficients. (See figs. 13('b)4 14(h) * and 
15.) 

rigure 16 is a conparison of the stick forces of an 
airplane equipped with the sealed Frise aileron v/ith three 
linkages: conventional differential, equal up-and-down, 
and reversed differential, Tho contlnation of downfloat- 
ing tendency and reversod differential gave a considerahle 
reduction in tho hlgh-spood stick forces. An increase 
in anglo of attack decroasod the downfloating tendency of 
the aileron and it. was ostlnatod fron other data that the 
sealed ailoron would float up slightly at a = 15°. On 
the hasls of this ostlnatlon an approxlnato curvo was drawn 
in figure 5(c) and fron this curvo tho low-spood stick 
forces (fig. 16) woro conputod. At low speed tho rovorsed 
dlfforontlal and tho upfloating tendency increased tho 
stick forces. This Increase in stick force would give nore 
feel to the stick at low speed and loss variation of stick 
force with spoed. 

Because tho floating tondoncy of ailerons nay ho con- 
trolled hy tho use of springs, taha, or "bulges and "by nose 
treatuont, adjustnont of floating tendency and of differen- 
tial offors a pronising uoans of controlling stick forces 
and stick— force variation with spood. 
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She effects of rolling have not "been considered In 
the conputed characteristics of figures 13 to 16. She 
jB.lia,'.ract,ejrl8tlos,. pre.sen.ted are those—that, would exist If 
the airplane vere restrained In roll and 7awt as Is general- 
ly true of a wind-tunnel nodel. An airplane actually be- 
gins to roll alnost Innedlately after the ailerons are de- 
flected. In order to Illustrate the effect of rolling 
upon the stick force required to produoo a given rolllng- 
nonent coefficient, conparatlTo curves are gj^an in figure 
17. She solid lines represent tho static condition, In 
which tho airplane Is not pornlttod to roll. She 'brokon 
curvoB represent tho condition in which tho alrplano is 
rolling with a volocity such that tho rolling nonont duo 
to roll is nunorlcally equal to tho rolling nonent duo to 
aileron dof lection. (Soo roforonco 15 or 16.) She value 
of C, for tho lllustrativo r.irplano was ostlnatod as 

*P 

0.45 fron tho curves of roferonco 15 or 16. 

Tho dlfforoncos "botwoon tho curves shown "by tho solid 
and tho "broken linos of figure 17 aro alnost oatiroly tho 
restilt of tho variation of ailoron hingo nonont with angle 
of attack. If conparativo curvos sicilar to thoso of fig- 
ure 17 woro draun for plus— typo allorons (soo roforonco 
13), a reduction of stick force at a given rolling-nonont 
coofflclont would also ho shown, hut for thoso nilorons 
tho reduction would ho prinarlly the result of tho incroaso 
of rolllng-nouont coofflclont v;ith angle of attack. 



COISrCLTTSIOUS 



Iho oscillatory tendency found In eoiio flight inctal- 
latlons of Vriso allorons was shown hy tho wlnd-tunnol 
"tosts to he the result of an abrupt breakaway of tho flow 
at tho lowor surface of tho ailoron nose when tho niloron 
was dofloctod. This hronkaway occurrod at r.n aileron de- 
flection between -10° and -20 , the ailoron deflection 
varying with tho anglo of attack of tho airfoil and with 
tho shapo of tho aileron. 

When tho flow breakaway occurred, the hinge nonent 
increased rapidly and the rolling nonent usually decreased. 
It appears that I'rlse ailerons should be so designed that 
they will not be deflected to the angle at which breakaway 
occurs. She useful range of Frise ailerons nay sonetlnes 
be increased by the addition of a nose slat or a bulge on 
the aileron lower surface. 
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Internally 'balanced sealed arllerons vlth larger anounta 
of balance than those tested are considered pronlslng, and 
a systenatlc Inve stlgatlon of their characteristics is rec- 
onnended. 

Bocauso the flontlnB tendency of ailerons nay "be con» 
trolled hy tho uso of springs « ta'bs, or 'bulgos and hy 
nose troatuont, adjustnont of floating tendency and of 
dlfforontlal offers a pronlslng noans of controlllne stick 
forces as v;oll as tlio variation of stick forco vlth spood. 
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Aileron deHecfi'on, rf, ,dag 

(a) No seal, top cover plate only. 
Figure 3,- Aerodynamic characteristics Figure 4a to c- Aerodynamic charac- 

«f a 0.20c by 0.37 b/2 teristics of a 0.20c by 

plain grease-sealed aileron without 0,37 b/2 plain aileron with a 0.326ca 
balance on an NACA 23012 airfoil. symmetrical nose balance on an NACA 

V, 40 mph. 23012 airfoil. V, 40 mph. 




Aileron defleciion, 6a. , 



(b) Sheet-rubber seal; top cover (6) Sheet-rubber seal; both cover 
plate only, plates. 

Figure 4b, c. 
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Aileron def/eciion, ,deg 

(a) No seal; V, 40 mph. (b) No seal; V, 80 mph. 

Figure 5a to d,- Aerodynamic characteristics of a 0.20c by 0.37 b/2 
Frise aileron with G.326ca balance on an NACA 23012 

airfoil. 
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Fig. 5c, d 
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(c) Sheet-rubber seal; V, 40 mph. (d) No seal; V, 40 mph; O.lOca by 

0.37 b/2 tab; 6t, -IS®. 



Figure 5c, d. 
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Figure 7.- Aerodynamic characteristics 

of a 0.20c by 0.37 b/2 
Frise aileron with 0.326ca balance and 
a O.Olo lower- surface bulge on an NACA 
23012 airfoil. No seal; V, 40 mph. 



(a) No seal; V, 40 mph. 
Figure 8a to c- Aerodynamic 

characteristics of a 0.20c 
by 0.37 b/2 Frise aileron with 
0.278oa balance on an NACA .23012 
airfoil . 




-30 -SO -10 0 10 20 -30 -20 -10 0 10 ZO 



Aileron def/ecHon ,deg 

(b) No seal; 0.01c lower- surface (o) Sheet-rubber seal; 0.01c lower- 
bulge, surface bulge. 

Figure 8b, c. 
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,Ail.rond^f/ecHon,6..<i^g (g^) jj^ gg^I ; fig, 17°. 

Figure 9.- Aerodynamic characteristics Figure 10a to c- Aerodynamic charac- 



of a 0.20c by 0.37 b/2 
Frise aileron with 0.298ca balance on 
an NACA 23012 airfoil. No seal; 
V, 40 mph. 



teristics of a 0.20c by 
0.37 b/2 Frise aileron with 0.278ca 
balance and a centrally located 
0.078ca by 0.31 b/2 nose slat on an 
NACA 23012 airfoil. 
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(c) Sheet -rubber seal; 5a, 28°; 
¥, 40 mph. 



Figure 10b, e. 
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Figure 12.- Conventional differential aileron linkage assumed 
in the computations. 
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Rolling-moment coefficient, Ci' 

(a) Plain sealed ailerons, (b) Frise aileron with 0..326ca balance, no bulge. 
Figure l.'5a to d„- Aileron-control characteristics of a pursuit airplane equipped 

with several arrangements of 0.20c by O.Zl b/2 ailerons. 
Equal up and down linkage. Sg., tl5°. 
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(c) Frise ailerons with 0.278ca bal- 
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(d) FriFse aileron with 0.27Bca balance 
and a nope slat; 65, 28°. 



Figure 



l.'5c,d. 
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Rol ling-moment coefficient, Ci' 

(a) Plain sealed aileron, (b) Frine aileron with 0..'^26oa balance; no bulge. 
Figure 14a to d.- Aileron-control characteristica of a pursuit airplane equipped 

with several arranr^ements of 0.20c by 0.37 b/2 ailerons. 
Conventional differential linkage. 8^,*\2^^ -1R<*. 
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(o) Friae ailei-ons with 0.27eca bal- (d) Frise aileron with 0.278ca balanoe 
anoei not sealed. and a nope slat; Sg, ZB9 

Figure' 14c, d. 
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Figure 16.- Effect of aileron 

linkage on the stick- 
force characteristics of a pursuit 
airplane equipped with 0.20e by 
0.37 b/2 sealed Friae ailerons 
with 0.326ca balance; no bulge. 
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Figure 15,- Aileron-control characteristics of a pursuit airplane equipped 

with 0.20c by 0,37 b/2 Frise ailerons with 0;326ca balance. 
Reversed differential linkag*. 5^, IS", -12°, 



MO* 



ng, IT 




Equal up and down 



.03 .04 0 .01 

Rolling-moment coefficient, Oi' 



Conventional differentia/ 



(•) ma* aileron wlttk 0.386 balance; no aeal, no bulge. 

(b) Plain sealed aileron witb 0.386 balance; top cover plate only. 

Figure 17.- Zff.ect of rolling on the ■tlok-force cbaracterletlcs of a pursuit airplane 
equipped with t«o arrangementa of O.SOc by 0.37 b/S ailerons and two 
aileron deflection ayatems. 



